Abstract: A woman carrying monochorionic twins underwent sudden cardiopulmonary arrest at 31 weeks of gestation due to spontaneous coronary artery dissection in the hospital. The resuscitation techniques, with her uterus manually displaced to her left, were initiated immediately and maternal spontaneous circulation was resumed 18 min later. A cesarean section was performed 2 h after the revival and the patient was kept hypothermic for 24 h. Finally, full recovery of both mother and twins was achieved. As in this case, the resuscitation techniques for pregnant women recommended by the American Heart Association, and therapeutic hypothermia, might be effective and contribute much to the survival and recovery of patients.
Introduction
Cardiopulmonary arrest during pregnancy is a catastrophic event for both mother and fetus. Although resuscitative procedures are routinely conducted, they are often unsuccessful. Aortocaval compression by the uterus is one of the main causes of such failure in cases involving pregnant women [11] . The method known as perimortem cesarean section (PMCS) entails cesarean delivery concurrent with maternal cardiopulmonary resuscitation (CPR) [5] . Fetal delivery increases the likelihood of neonatal survival. The emptying of the uterus, not only relieves aortocaval compression, but also provides the mother with an auto-transfusion, resulting in a 25%-56% increase in cardiac output and an increase in the likelihood of maternal survival [10] .
We report a case in which a woman carrying monochorionic twins suffered a sudden cardiac arrest, and CPR was performed without PMCS. Full recovery of both mother and twins was achieved despite an 18 min maternal arrest. We present the factors that appeared to contribute to the survival of both the patient and her twins.
Case report
A 28-year-old gravida 3, para 2, was transferred to our hospital due to frequent uterine contractions. She was at 30 weeks of gestation with monochorionic diamniotic twins. She had no history of cardiovascular disease. The uterine contractions subsided in response to continuous administration of ritodrine hydrochloride (initiated at 100 μg/min and tapered down to 75 μg/min). Two days after admission, she again complained of frequent uterine contractions. Shortly after increasing ritodrine to 81 μg/min, her roommate notified us that the patient suddenly lost consciousness at 15:00. Her doctor found the patient in cardiopulmonary arrest and immediately made an emergency call; CPR was initiated within 1 min. CPR techniques, which followed the American Heart Association (AHA) guidelines, were systematically initiated by the medical emergency team within 2-3 min. The patient's uterus was manually displaced to her left and bag-masked ventilation with oxygen and chest compression was conducted. Although a pulse could not be palpated, some electrical activity was observed on the cardiac monitor; thus, we recognized this state as pulseless electrical activity. The patient was administered a 1 mg bolus of intravenous epinephrine. Through the course of the event, we strove to minimize CPR interruption. A palpable pulse was not present at the next pulse check; however, ventricular fibrillation was subsequently noted on the cardiac monitor ( Figure 1 ). Therefore, we immediately performed the first defibrillation at 300 J. Following this defibrillation attempt, sinus rhythm was obtained at 15:18 ( Figure 2 ). During this period, another team noted fetal bradycardia of approximately 80 beats per min in both fetuses. Almost 10 min after restoration of cardiac function, the heart rates of the twins recovered and the maternal vital signs were almost normal: heart rate: 106 beats per min; blood pressure: 117/78 mm Hg; PaO 2 : 100 mm Hg (FiO 2 0.9); and PaCO 2 : 46.4 mm Hg. Although the electrocardiogram, echocardiogram, computed tomography, and blood tests were performed after the revival, any definitive abnormalities causing maternal arrest were not detected.
We did not know what caused the sudden cardiopulmonary arrest at the time and feared a recurrence. Therefore, we made a decision to perform a cesarean section 2 h after the revival; the operation was performed uneventfully with general anesthesia. Following the cesarean section, the patient was kept hypothermic for 24 h. The electrocardiogram on postoperative day 5 clearly suggested an anterior myocardial infarction (Figure 3) , and a coronary angiogram on postoperative day 22 demonstrated 90% stenosis of the left anterior descending artery consistent with coronary artery dissection. Nonetheless, no further intervention, including the placement of a stent, were indicated because she was asymptomatic after the revival and a myocardial perfusion scan did not show any defects. She was discharged 36 days after the revival without any neurologic sequelae except temporary short-term memory loss. The twins were born with weights of 1659 g and 1529 g. Apgar scores were 2/4 and 6/8 (1/5 min) and the umbilical cord PHs were 7.192 and 7.160, respectively. They were transferred to the neonatal intensive care unit at birth and discharged 63 days after birth without any complications. 
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They have experienced normal growth and development up to 1.5 years.
Discussion
PMCS is the concept that cesarean section is one of the most effective methods for maternal CPR [5] . In the present case, maternal resuscitation was conducted without PMCS. We hesitated to perform PMCS because it is currently not widely adopted in Japan, however, as a result of our intervention, survival of both mother and twins was accomplished despite an 18 min maternal arrest. The purpose of this report is to clarify which factors enabled the patients to survive.
It is known that irreversible brain damage occurs after 4-6 min of ineffective CPR [5] . The 4 min rule of PMCS was introduced because no effective CPR techniques exist for the treatment of an arrested pregnant woman with a large uterus. Cesarean section in this case has two purposes; one is to save the fetus directly and the other is to increase venous return to the mother's heart and increase the probability of maternal revival. In contrast, the AHA introduced two additional CPR procedures for pregnant women [11] . One is tilting the women to 15°-30° from horizontal and the other is manual displacement of the uterus to the left. Both are expected to release compression by a large uterus on the inferior vena cava and restore venous return. In the present case, manual displacement of the uterus to the left, which is the latter procedure, was adopted, and CPR techniques following AHA guidelines were faithfully performed. The full recovery of the mother and twins after an 18 min arrest suggests that AHA-recommended CPR procedures prepared for pregnant women were, to an adequate degree, effective without PMCS. It was fortunate that the cardiopulmonary arrest occurred in the hospital and a number of doctors who were proficient in CPR were readily available. Immediate recognition of cardiopulmonary arrest, early initiation of high quality CPR and minimization of CPR interruptions might have also contributed to their survival.
Therapeutic hypothermia is known to improve the patient's survival and neurologic outcome after prolonged cardiac arrest. According to a systematic review of five randomized and quasi-randomized trials [1] , patients treated with therapeutic hypothermia had better cerebral performance [relative risk (RR): 1.55; 95% confidence interval (CI): 1.22-1.96] and were more likely to survive until hospital discharge (RR: 1.35; 95% Cl: 1.10-1.65) than those who were not treated with therapeutic hypothermia. We think that this treatment prevented neurologic sequelae in our patient.
A fetus is believed to be less vulnerable to hypoxia than an adult because of compensatory mechanisms to redistribute blood circulation, which protects vital organs, such as the brain, heart, and adrenal glands, from lifethreatening hypoxia. This concept is supported by the fact that 94% of term infants with Apgar scores of 0-3 at 5 min were subsequently found to exhibit no evidence of cerebral palsy [4] . Four of 17 infants were delivered without sequelae, despite the fact that PMCS was performed more than 15 min after maternal cardiopulmonary arrest [4] . Some other case reports showed that clinically normal children were delivered by PMCS 15 min after the onset of maternal arrest [2, 6, 7] ; however, these reports pointed out the necessity of rapid PMCS. From the fetal viewpoint, tolerance for hypoxia might contribute to intact survival in our case.
Acute myocardial infarction (AMI) associated with pregnancy has been discussed in the literature [8, 9] ; however, few reports address an association between AMI and ritodrine hydrochloride. Esinler [3] reported a case that found an association between them. In our case, treatment with a moderate dose of ritodrine hydrochloride was initiated 2 days before the AMI occurred. The mismatch between increased oxygen consumption by ritodrione usage and decreased oxygen supply by the coronary stenosis could have caused the AMI.
In conclusion, the faithful practice of AHA-recommended CPR techniques for pregnant women appear to have been effective for resuscitation of both the mother and her twins in this case. Moreover, therapeutic hypothermia for the mother and fetal tolerance for hypoxia might also have contributed to their intact survival.
